The study examined the nutritional, microbial and sensory profile of regularly consumed commercial whole wheat breads in Nigeria in order to offer an insight into the overall quality of these foods. Four major local brands of commercial whole wheat breads (samples A, B, C and D) were evaluated. The normal white bread (sample E) served as control. Results of the physical properties obtained, showed that the white bread (sample E) had higher values for bread volume (2850 cm 3 ), specific volume (4.38 cm 3 /g), hydration capacity (4.50%) and compressibility (45%) than the whole wheat breads. No trace of bromate was found in all the bread samples. The proximate analyses for the whole wheat bread showed the moisture content to range from (30.64-38.74%), fat (3.5-5.0%), Fibre (2.5-3.5%) higher than in white bread (26.40, 3.0 and 1.20% respectively). While the whole wheat breads had lower levels of protein (5.25-6.48%), carbohydrate (45.74-51.25%) and energy (249-258 Kcal) when compared to white bread of 9.00, 59.40% and 301 Kcal, respectively. The ash and mineral contents of the whole wheat breads were higher than that of white bread. While the viable microbial counts for the whole wheat breads (1.0×10 2 -1.5×10 2 ) were lower than in the white bread (3.1×10
INTRODUCTION
Wheat is the most popular cereal grain that is consumed worldwide and is used for the production of numerous baked products such as bread, biscuits, cookies, doughnuts and cakes, of which bread is the most common.
Bread is a staple foodstuff and is eaten in most countries around the world. It may be described as a fermented confectionary product produced mainly from wheat flour, water, yeast and salt by a series of process involving mixing, kneading, proofing, shaping and baking (Dewettinck et al., 2008) .
Over the centuries master-bakers around the world have modified the traditional bread varieties using their accumulated knowledge to make best use of their available raw materials to achieve the desired bread quality. Therefore, in some countries the nature of bread making has retained its traditional form while in others it has changed dramatically. Thus, bread products have evolved into many forms, each based on different and very unique characteristics. The proliferation of bread varieties derives from the growing use of white flour and the unique properties of wheat proteins to form gluten (Mannay and Shadaksharaswany, 2005) . Moreover, the use of white flour derived from the processing of whole wheat grain by eliminating the outer bran and the components, which was aimed at improving the aesthetic value of white bread, has also led to the drastic reduction in the nutritional quality, when compared to bread made from whole grain cereals (Dewettinck et al., 2008; Maneju et al., 2011) .
Whole wheat bread has been reported to possess better health-promoting benefits than white bread, because it is a rich source of functional ingredients such as fibre, phytochemicals, minerals, essential amino acids that are located in the bran and fat soluble vitamins contained in the germ of the whole wheat grain (Dewettinck et al., 2008; Musaige et al., 2007) . Recently, consumers' awareness of the need to eat foods that have positive impact on health (functional foods) is increasing. Therefore, the trend is to produce specialty breads made from whole grain flour and other functional ingredients known as health breads or functional foods (Dewettinck et al., 2008) . Ndife and Abbo (2009) , reported that the development and consumption of such functional foods that contains whole grain, not only improves the nutritional status of the general population but also have been shown to have beneficial effects in the prevention of several diseases, such as cardiovascular diseases, constipation, irritable colon, colon cancer, obesity and diabetes (Rodriguez et al., 2006; Schatzkin et al., 2007; Jideani and Onwubali, 2009) .
Therefore, the food processors must arm themselves with the health awareness of the consumers and respond to this challenge by formulating food products that provide additional health benefits beyond the basic nutrition and overcome the technical problems associated with the sensory acceptance (Ndife and Abbo, 2009; Hiller et al., 2011) .
Very little work has been done on the quality of the various commercial-bread types available in the market. The purpose of this study, therefore, was to ascertain the physico-chemical, microbial and sensory quality of the regularly consumed whole wheat breads in Nigeria, in order to offer an insight into the nutritional profile of these foods which can help guide the un-informed consumer to make the right choice.
MATERIALS AND METHODS
Four most popular brands of whole wheat breads including normal white bread were purchased off the shelf from different supermarket in Kaduna town, of Northern Nigeria. The different commercial whole wheat bread samples were labeled A, B, C, D and E for the white bread which served as control for the purpose of this study. All the bread samples were stored at ambient temperature in cellophane wraps, during the period of analytical investigation.
Physico-chemical analysis:
The bread characteristics, such as: the dough expansion, bread volume and bread specific volume were measured by the method described by Maneju et al. (2011) . While the pH, brix and bromate content of the composite bread samples were measured through methods described by Jacobs (1999) .
Proximate analysis:
The determination of the chemical composition of the bread samples viz: moisture content, ash content, protein content, fat content, crude fiber and content were determined by methods described by AOAC (1990) . Carbohydrate was calculated by difference and energy was calculated using Atwater conversion factors. Total reducing sugars were determined by Lane Eyon method as described by Mehmood et al. (2008) .
Mineral assay: Each bread sample was digested by the wet ashing method prior to mineral content determination using atomic absorption spectrophotometer for Ca, Mg and Fe and Corning 400 flame photometer for K and Na (Abulude, 2005) . While the phosphorus content was determined colorimetrically with Jenway 6100 spectrophotometer using the method described by Nielsen (2003) .
Microbiological assay:
The determination of the microbial contamination (mesophilic aerobic bacteria, coliforms, yeast and mold counts) in the products was performed by the method outlined in compendium of methods for the microbiological examination of foods (AMPH, 1992) with some modifications.
Sensory analysis: Sensory evaluation of the composite bread samples were carried out by 20 panelists on a 9 point hedonic scale for different parameters such as colour, aroma, taste, texture and overall acceptability as described by Iwe (2010) .
Statistical analysis:
The sensory evaluation data was statistically analyzed using the analysis of variance (ANOVA) and the Duncan Multiple range test with significance level at p<0.05 (Ihekoronye and Ngoddy, 1985) .
RESULTS AND DISCUSSION
Physico-chemical analysis: Table 1 shows the result of the analysis of the physico-chemical properties of the bread samples.
The specific volume of the whole wheat breads (samples A, B, C and D) ranged from 2.55 to 3.14 (cm 3 /g) while the value for the normal white bread (sample E) was 4.38 (cm 3 /g). The whole wheat bread samples were affected by the whole grain flour used in the production. Dewettinck et al. (2008) and Elleuch et al. (2011) reported that, the main problem of using whole grain flour in baking is the important reduction of loaf volume due to the dilution of gluten network. The hydration capacity is an indication of the ability of the sample to absorb moisture especially during storage (Onwuka, 2006) . The hydration capacity ranged from 3.50 to 4.20% in whole wheat bread samples. Sample E (white bread) had the highest value of 4.50%. The gluten network formed to trap air during swelling of the dough also created pores for moisture migration (Rosell et al., 2009) .
The pH of the bread samples ranged from 5.20 to 5.69. Sample B had the lowest pH value of 5.20. These values are within the standard pH limits (5.3-6.0) for whole wheat bread (SON, 2004) . The pH will influence the microbial-ecology which will ultimately determine the shelf stability and of the bread products (Ezeama, 2007) .
The brix is an indication of the sugar content of the bread samples. The brix value ranged from 1.50 to 1.80 in whole wheat breads and was 2.10 in white bread. Hence whole wheat bread samples with lesser sugar content would be suitable for diabetic diets (Ndife and Abbo, 2009 ).
There was no trace of bromate in any of the bread samples analyzed. The use of bromate as dough improver is prohibited by food regulators because of the carcinogenic implications (Mannay and Shadaksharaswany, 2005) . Table 2 . The whole wheat breads had on the average, higher values for fat (4.25%), fibre (2.9%), ash (1.81%) and total reducing sugars (12.06%) than the values in white bread (3.00, 1.20, 1.00 and 10.05%, respectively). In comparison to the Nigerian regulatory standards for proximate values of whole wheat breads: The moisture, fat, fibre, carbohydrate and energy contents of the bread samples were within regulatory specifications of moisture 40% maximum; fat 10% maximum; fibre 6% maximum; carbohydrate 37% minimum and energy (1000 KJ/100 g) minimum (SON, 2004) . It is recommended that the maximal intake of added sugars be limited to providing no more than 25% of energy (SON, 2004) . The higher presence of fat in the whole wheat breads, derived from the bran and germ inclusion, would help to increase the sources of fat soluble vitamins and precursors such as vitamin A and pro-vitamin A carotenoids as well as the total energy content (Shubhangini, 2002) . However the average protein content for the whole wheat breads (5.95%) did not meet the standard specification of 10% minimum requirement (SON, 2004) . The inclusion of the whole grain components had a dilution effect on the protein content of the bread samples (Seyer and Gelinas, 2009; Kamaljit et al., 2011) . The nutritional significance of each element is related to the contribution it makes to the Recommended Dietary Allowance (RDA) (Wardlaw, 2004) .
When compared to the recommended dietary allowances (RDA), the whole wheat bread samples contribute on the average 8.5, 14.2, 7.6 and 22.8%, respectively to daily dietary allowances for protein, fat, fibre and carbohydrates respectively. The crude fibre contents of the whole wheat breads were also within the recommended range of not more than 6 g dietary fibre and other non-absorbable carbohydrates per 100 g dry matter (Shubhangini, 2002) . High dietary fibre diets from whole grains are associated with the prevention, reduction and treatment of some diseases such as; cardiovascular diseases, diverticulosis, constipation, irritable colon, cancer and diabetes (Slavin, 2005; Elleuch et al., 2011; Maneju et al., 2011) . Table 3 shows the result of the analysis of the mineral content of the bread samples. The mineral contents of the whole wheat breads (samples A, B, C and D) were higher than in white bread (sample E). These correspond to the results obtained for the ash values. The ash content is an indication of the mineral contents of foods (Abulude, 2005; Cubadda et al., 2009) . The average sodium (275 mg) and potassium (147 mg) levels in the bread samples were higher when compared to the other minerals analyzed. The high sodium and potassium contents are characteristic of plant foods (Cubadda et al., 2009) . Inadequate intakes of micronutrients (minerals) have been associated with severe malnutrition, increased disease conditions and mental impairment (Shubhangini, 2002; Abulude, 2005) . In comparison to the minimum RDA (Wardlaw, 2004) , the whole wheat bread samples contribute on the average: 30, 9, 15, 46, 81 and 48% for Na, K, Ca, Mg, Fe and P, respectively. The result shows the Na/K ratio to be 2:1. To protect against the adverse effect of high sodium intake the Na/K ratio of 1:1 is recommended (Guthrie and Picciano, 1995) . Sodium in combination with potassium is involved in maintaining proper homeostasis (acidbalance) of body fluids and in nerves transmission (Guthrie and Picciano, 1995; Shubhangini, 2002) . The sodium-Potassium balance is of particular importance in hypertension patients (Shubhangini, 2002) .
Mineral analysis:
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The availability of calcium in the body depends on the calcium to phosphorus ratio and the presence of anti-nutritional substances, such as phytic acid that is associated with fibre in the food. For good calcium intestinal absorption, Ca/P ratio must be 1:1 (Guthrie and Picciano, 1995) . In this study the Ca/P ratio is 1:2, which is not bad. Phosphorus is associated with calcium for bones, teeth and muscles growth and blood maintenance (Shubhangini, 2002; Ologunde et al., 2011) . The results from this study show that the bread samples would need to be supplemented with other mineral sources in the diet to meet up with the RDA requirements for a healthy nutrition.
Microbial analysis:
The results of microbial analysis of the bread samples are presented in Table 4 . The results obtained for total aerobic counts were low in all the bread samples (<3.1×10 2 cfu/g). They were also below the maximum limit in the SON (2004) specification for commercial breads (<3.1×10 3 cfu/g). However, the aerobic plate counts were found to be higher in the white bread (3.1×10 2 cfu/g) than in the whole wheat breads (1.2×10 2 to 1.5×10 2 cfu/g).The moisture content and pH are critical to the survival of microbes and will ultimately affect the shelf stability and sensory quality of the breads (Jay, 2000; Ezeama, 2007) .
There were no observable coliform growths in all the bread samples. This eliminates the possibility of faecal contamination in the breads, which is due to good manufacturing and handling practice (Ezeama, 2007) , this conforms with the regulatory specification of zero tolerance for coliform counts in breads (SON, 2004) . The total mould and yeasts counts in the bread samples range from <1.0×10 1 to 1.5×10 1 cfu/g. While the highest mould and yeasts counts (2.5×10 1 cfu/g) were observed in the white bread sample E. This is higher than the standard specification of 1.0×10 1 cfu/g for whole wheat breads (SON, 2004) . The low microbial counts in whole wheat breads could be due to increased mineral content, which has been shown to inhibit to some extent microbial growth. Most minerals are hygroscopic in properties, which could make moisture unavailable to microbial cells for growth (Akhtar et al., 2008) . Table 5 summarizes the results for the sensory evaluation and overall acceptability of the whole wheat bread samples as compared to white bread (control E).
Sensory analysis:
The statistical analysis revealed that there were significant difference (p<0.05) among all the bread samples in the sensory characteristics observed. Sample D had the lowest score (6.62), while sample A had the highest score (7.85) for appearance, among the whole wheat breads. Panelists observed smaller loaf volume and dark colour in whole wheat breads when compared to the white bread (8.35). The inclusion of wheat bran in the whole wheat flour has been reported as responsible for reduced volume and brown color of the whole wheat loaves (Gomez et al., 2003; Bakke and Vickers, 2007; Eimam et al., 2008) . Similar trends were observed for the sensory ratings of texture and chew ability in the breads. Sample D had the lowest scores (5.13 and 4.18) followed by sample C (5.37 and 4.32) and sample B (6.28 and 6.24), respectively. Hard Crumb texture and poor chewability, caused by increased fiber from wheat bran substitution was reported by Eiman et al. (2008) .
The white bread sample E, had better scores for taste (7.26) and overall acceptability (8.55) as compared to the whole wheat breads. Bakke and Vickers (2007) reported that the soft texture and sweet taste of white bread is much more appreciated than the hard texture and low sugar of whole-grain bread. More so, a strong negative correlation between consumer acceptability, crumb compressibility, firmness and moisture content has been documented (Bakke and Vickers, 2007; Seyer and Gelinas, 2009 ).
CONCLUSION
The high proximate values recorded confirm that the whole wheat beads are capable of meeting most nutritional provisions as a staple food. Highly refined products show a strong association towards consumer liking, thus white bread was preferred in contrast to whole-grain bread.
Whole grain breads are considered as functional foods with additional health benefits, based on their contents of fibre and phytochemicals which have antioxidant potential (Vitali et al., 2009) . Therefore there is the need to investigate the phytochemical content and the antioxidant activity of the whole wheat breads.
